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@ Novel ampicillin esters and production thereof.

@ A novel Ampicillin ester of the general formula
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wherein R+ represents a hydrogen atom, a methy! group
or an aryl group, and R represents a hydrogen atom or
may be taken together with R, to form a divalent carbon
chain residue,
or its acid addition salt.
The novel Ampicillin ester or its acid addition salt is pre-
pared by {1) reacting a corresponding 6-N-acyl-amino penicil-
lanic acid (11} or its salt with a compound of the formula

X-CH=-C=C-R
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R
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wherein R1 and R, are as defined above, and X is a
halogen atom,
or reacting a compound of the formula

HN S CH . 'n-(v)
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wherein R; and R are as defined above,
or its acid addition salt with a corresponding carboxylic acid
(V1) or its reactive derivative, (2) thereafter, if required, when
the resulting compound has the protected amino group orthe
group convertible to an amino group, deprotecting the pro-
tected amino group or converting said convertible groupto an
amino group, and (3) if further required, converting the pro-
' duct to an acid addition salt.
The present invention provides also an antibacterial
agent comprising the novel Ampicillin ester.
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- This invention relates to novel Ampicillin
esters, processes for their production, and to an anti-
bacteriel agent comprising such an Ampicillin ester.

Ampicillin (aminobenzylpenicillin) obteined
by acylating the amino group of 6-zminopenicillanic acid
(6-APA) with a-aminophenylacetic acid is a synthetic
penicillin which is effective in oral administration,
Absorption of Ampicillin from the digestive tract, how-
ever, is not sufficient, and this necessarily leads to
administration of large dosages for obteining the required
concentration in blood, which in turn causes increased
side-effects.

To remove such a defect of Ampicillin, an attempt
was made to convert Ampicillin to an ester-type derivative
thereby improving its absorption from the intestinal tract.
For example, Ampicillin pivaloyloxymethyl ester (Pivam-
picillin; see British Patent No. 1,215,812), and Ampicillin
phthalidyl ester (Talampicillin; see British Patent No.
1,364,672) gives comparable blood Ampicillin concen-
trations in oral administration to those obtained by
intravenous administration.

It is an object of this invention to provide
novel Ampicillin esters or their acid addition salts.

Another object of this invention is to add novel
and more beneficial Ampicillin esters newly to a groups
of orally administrable known Ampicillin and its esters.

Still another object of this invention is to
provide novel Ampicillin esters which are more stable in
gastric and intestinal Jjuices, have better absorption
from the intestinal tract, maintain a high concentration
in blood over longer periods of time and are less toxic
than known Ampicillin esters such as Talampicillin,

Yet another object of this invention is to pro-
vide processes for producing novel Ampicillin esters.

A further object of this invention is to provide
a novel precursor for production of the novel Ampicillin
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esters.
Other objects and advantages of this invention
will become apparent from the following description.
According to one aspect, these objects and
advantages are achieved by Ampicillin esters of the
general formula

<::>»CHco
;J—~—J/ \fgcoocﬂ -C==C-R, e
By \g,o

wherein R1 represents a hydrogen atom, a methyl

group or an aryl group, and R2 represents a

hydrogen atom, or may be taken together with Rl

to form a divalent carbon chein residue,
or their acid addition salts.

In formula (I), R, represents a hydrogen atom, a
methyl group or an aryl group. The aryl group is prefer-
ably an aromatic hydrocarbon group. Preferred aromatic
hydrocarbon groups are phenyl and substituted phenyl
groups, and the phenyl group is especially preferred.
Examples of substituents in the substituted phenyl groups
are halogen, nitro, cyano and alkoxy. Thus, Rl is prefer-
ably a hydrogen atom, a methyl group or a phenyl group.-

R2 represents a hydrogen atom, or together
with Rl’ may form a carbon chain residue. When 32 and
R1 together form a divalent carbon chain residue, Rl’

32 and the group C=C~-CH to which R1 and 32 are bonded
form a ring. The divalent carbon chain residue is prefer-
ably such that the ring is 5- or 8-membered, particularly
6~ or 8-membered. Exzmples of preferred divalent carbon
chain residues are 40H2%5 and 4CH2%5.

Specific examples of preferred Ampicillin esters
of general formula (I) are

Ampicillin(5-methyl-2-o0x0-1,3-dioxol en-4—y1 )-

methyl ester(31=nethyl, R2=hydrogen),
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Ampicillin(2-0x0-1,3-dioxol en~4-yl)methyl ester

(R, and R,=hydrogen),

Ampicillin(2-o0x0-5-phenyl-l, 3-dioxol en-4-yl)-

methyl ester (Rl=phenyl, 32=hydrogen),

Ampicillin(2, 3-carbonyl dioxy-2-cyclohexen-1-

y)ester (R, and R, together form the group

'GCHé'}B), and

Ampicillin(2, 3-carbonyldioxy-2-cycloocten-1-y1)-

ester (R, and R, together form the group

GEL).

The acid addition salts of these Ampicillin
esters are, for example, salts of these esters with in-
organic acids such as hydrochloric acid, hydrobromic acid,
hydriodic acid and sulfuric acid, or salts of these with
organic acids such as citric acid and tartaric acig.

Investigations of the present inventors have
shown that the Ampicillin esters or the acid addition
salts thereof have very desirable properties as pharma-
ceuticals.

Specifically, in oral administration, the
Ampicillin esters of the invention are easily absorbed
from the digestive tract, liberate Ampicillin in vivo, and
maintain a high Ampicillin concentration in blood over
long periods of time.

For example, thirty minutes after oral admini-
stration in mice, Ampicillin (5-methyl-2-ox0-1,3-dioxolen~
4-y1 )methyl ester hydrochloride and Ampicillin (2-oxo-5-
phenyl-1,3-dioxol en-4—yl)methyl ester hydrochlorige show
an Ampicillin concentration in blood about 3 times as high
as that attained by the administration of Ampicillin
and about 1.5 times as high as that attained by the admini-
stration of Ampicillin phthalidyl ester, and the high
Ampicillin concentrations in blood are maintained over a
long period of tine. (See Experiment 1 given hereinbelow.)

Such an excellent advantage of the Ampicillin
esters of this invention is believed to be due to the
fact that while these Ampicillin esters readily undergoe
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enzymatic hydrolysis in vivo, they have resistance to

hydrolysis in gastric and intestinal Jjuices.

The rates of hydrolysis of Ampicillin (5-methyl-
2-0%0-1, 3~dioxol en-4-y1 )methyl ester hydrochloride and
Ampicillin (2-oxo-5-phenyl-1,3-dioxol en-4-y1)methyl ester
hydrochloride in simulated gastric and intestinal Jjuices
are about one half of that of Ampicillin phthalidyl
ester (see Experiment 2, (a) and (b) hereinbelow).

Needless to say, this high chemical stability
of the penicillin esters of the invention is very bene-
ficial not only in bulk preparation and pharmaceutical
preparation and also in actual administration.

It is also noted that the Ampicillin esters
of the invention have low toxicity (see Experiment 3
hereinbelow).

Experinents 1 to 3 are described below for
demonstrating these advantages of the Anpicillin esters
of the inventiocn.

Experiment 1

Concentration in blood in oral administration

(Test Compounds) '

A, Aopicillin (5-nethyl-2-0x0-1,3-dio%ol en-4—

¥1)methyl ester hydrochloride (compounds
of the invention)

B. Ampicillin (2-o0xo0-5-phenyl-1, 3-dioxol en-4—

y1)methyl ester hydrochloride (compounds
of the invention)

C. Anmpicillin phthalidyl ester hydrochloride

(a known compound used as a control; see
British Patent No. 1,364,672)

D. Ampicillin trihydrate (contrnl)

(Method »f Experiment)

Each of the test compounds was orally administered
in a dose of 50 ng/kg calculated as Anpicillin to four
week old mice (ddy, body weight about 20 g, five per
group) which had been ceused to fast overnight (the amount
is equivalent to 0.2 ml »f a 5 ng/ml aqueous solution nf
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in the serun was neasured by a bioassay nethod.

5 equation.

Anpicillin

level ratio =

Serum Ampicillin level in admini-
stration of each of the compounds
_ Ay B, Cand D

L4
‘

The blood
Ampicillin level ratio was calculated from the following

Serun Ampicillin level in adnini-
stration of the compound D

(Result)
Table 1
Iten Ampicillin level ratio
Time of
blecod takin§
(min. 15 %0 60 90 | 120 | 180
Test
conpound
Compounds 2.8 | 2.2 |1 2.1 | 1.8 }1.51] 1.3
of the
invention B 2.4 2.8 | 2.4 | 1.9 1.2 | 1.0
Known
compound C 3,0 11.8 (1.411.1 0.9 | 0.8
Control
corpound D 1.0 1.0 | 1.0 | 1.0 1} 1.0 | 1.0
10 The results given in Table 1 clearly show that

the compounds of the invention show a high blood Ampicillin
level over a longer period of time than the known phthalidyl

ester C.
Experinent 2

15 Hydrolyzability in acidic and basic nedia
(a) Hydrolyzability in an acidic mediun
(Test compounds)
Compounds Ay B and C in Experinment 1
(Method of Experinent)

20 Each of the test compounds was dissnlved to a
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predeternined concentration in en acidic aquecus medium
(similated gastric juice) having a pH of 1.2 prepared by
adding 2.0 g of sodium chloride, 24 ml of 10% hydro-

- chloric acid and 3.2 g of pepsin to 1000 ml of water.

5 While the solution was shaken at 27°C, it was periodically
sanpled. The sampled solution was subjected to high-speed
ligquid chromatography using a reversed phase partition
column, and the hydrolysis ratio of the compound was
determined from a decrease in the pezk height of the

10 compound in the chromatogran.

(Results)
Table 2
Iten Bydrolysis ratio (%)
Tine of
sam%lin ,
hrs 1 2 4 6 20
Test
compound
Compounds A 7 15 20 28 52
of the
invention B 9 20 30 35 65
Known _
compound C 18 31 43 55 100

(b) Hydrolyzability in a basic mediunm
15 (Test compounds)
Compnunds A, B and C of Experiment 1
(Methsd of Experinent)
The procedure of (a) was repeated except that a
basic aqueous nediun (sinulated intestinal juice) having
20 a pH of 7.50 prepared by adding 35.8 g of disodiﬁn.phos-
phate. 6.0 ml of 10% hydrochloric acid znd 2.8 g of
pancreatin to 1000 nl of water was used instead nf the
acidic aguecus nediur,
(Results)
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Table 3
Iten Hydrolysis ratio (%)
Tine of
saoplin 5 10 20 20 60
(min.
Test
compound
Compounds A 16 32 48 65 80
of the
invention B 18 27 53 70 90
Enown '
compound C 29 6l 20 95 100

The results given in Tables 2 and 3 demonstrate
that the compounds of this invention have higher chemical
stability in acidic and basic conditions than the known
phthalidyl ester C.

Experinent 3

Acute toxdicity:-

The acute toxicity values (LD50) of the compounds
A and B in Experiment 1 adninistered as an aqueous solution
were Deasured using the sane ddy nice as used in Experiment
1. The results are shown in Table 4. The results show
that the compounds of this invention have low toxicity.

Table 4
ten LD5y (mg/ke)
Route
Test | oral |-Intraperitoneal| Intravenous
compnund
A >5,000 1,420 o557
B > 5,000 1,768 270

Prodrugs such as Ampicillin pivaloyloxymethyl
ester or Anpicillin phthalidyl ester have been known as

3
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orally administrable Anmpicillin. The ester group of the
Anpiciliin ester of the invention (i.e., 2-oxo-1,3-
dioxolen-4-yl methyl group) is shown by a formula below
in conparison with those of the known prodrugs.

Ester group

0]
Ampicillin pivaloyloxy "
nethyl ester -C'H2O-,C—C(CH3)5
Ampicillin phthalidyl 5
ester -
n
0
Anpicillin ester "9H'?=?'
of the invention R2 56
Vg
1"
0

It is clear therefore that the ester group of
the Ampicillin ester of the invention quite differs from
those of the knewn Ampicillin esters. It is surprising
that the Ampicillin esters of the present invention have
the aforesaid excellent properties as pharnaceuticals over
these known Anpicillin esters.

According to one process of the invention, the
Ampicillin ester or its acid addition salt of the invention
can be produced by reacting a compound of the general
formula '

7N\
Qggcom)j%z e (1D

o ~cotH

wherein A represents a protected amino group
or a group convertible to an amino group,
or its salt at the carboxyl group with a compound of the
general formula



10

15

25

L LI B I N .
L4 . . . " .
Ceer oo ') . . P

0039086

T ' ceess (ITID)

wherein R1 and R2 are as defined above, and X

represents a halogen aton,
and if required, when the resulting compound has the pro-
tected amino group or the group convertible to an aminn
group, eliminating the protecting group from the protected
armino group or converting said convertible group t» an
aminc group, and if further required, converting the product
to its acid addition salt.

In the above general formula (II), A represents
a protected aminm group or a group convertible to an aminn
group. The protected amino grcup may preferably be an
eninn group in the form of a salt with a mineral =cig,
an amino group in the form of a Schiff base,; an enanine
group, a benzyloxycarbonylamino grcup, etc. More specifi-
cally, preferred protected emino groups are amin~ groups
in the form of salts with mineral acids such as hydro-
chloric acid and hydrnbromic acid, amino groups in the
form cf Schiff base such as a substituted or unsubstituted
benzylideneamino group, and enamine groups of the following

foroula 1 ,
RB\ Ci/N\H , -
l .
R c\?,,o
Fs
wherein RB’ R4 and R5 are identical or different and re-
present an alkyl, aralkyl »r aryl group, provided that R4
may further represent a hydrogen atom and R5 may further
represent an 2lkoxy, aralkoxy-onr arylexy group.
An example of the group c nvertible to an aminn
group is an azid» group.
These protective anin>y groups and convertible
grcups are well known in the field of chemistry of '
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synthetic penicillins.

A compound corresponding to general formula (II)
in which A is a free amino group is a compound well known
as Anpicillin and readily available cormercially.

Accordingly, the compound of general formula
(II) can be produced by converting the free amino group
of Ampicillin to the group A (in this case, the group A
is desirably a protected aminn group).

The compound of general formula (II) can also
be produced by reacting 6-aminopenicillanic acid or its
salt at the carboxyl group with a carboxylic acid of the

formul g
@-CHCOOH ceee. (VI)
]
A

wherein A is as defined hereinabove,
or its reactive derivative at the carboxyl group. Such
a process for producing the compound of formula (II) is
described, for exanmple, in U. S. Patent No,., 3,120,514.
The compound of general formula (III) is a novel
compound. In formula (III), R, and R, are as defined
above with regard to formula (I), and X represents a
halngen, preferably chlorine, bromine and indine.
Examples of the compound of formula (III) are
4-chloromethyl-l,3-dinxol en-2-one,
4-bromomethyl-1l, 3-dioxol en-2-one,
4—chl oronethyl-5-phenyl-~1, 3-dioxonl en~-2-one,
4-bromomethyl-5-phenyl-1, 3-dinxol en-2-one,
4-chloronethyl -5-nethyl-1, 3~dioxol en—-2-one,
4-bronmonethyl-5-nethyl-1, 3-dioxol en-2-one,
4-3 odonethyl-5-methyl-1, 3-dioxn]l en-2-one,
3-chloro-1,2-carbonyldioxycyclohexene,
3-bromn-1,2-carbonyldixycyclohexene,
3-chlorn-1,2-carb~nyldioxycycloactene, and
3-breoo-1, 2-carbrnyldinxycyclonctene.
These compounds can be produced by reacting
compounds c2rresprnding to formula (III) in which X is
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a hydrogen atonm with halogenating agents, for example
allylic halogenating agents such as chlorine, bromine,
N-bromosuccininide and N-chlorosuccininmide. The compounds
of general formula (III) and their production are de-
scribed in the specification of a patent application filed
by the same applicants as the present zpplicatinn on the
sane date.

The aforesaid process for production in accordance
with this invention is carried nut by reacting the compound
of general formula (II) with the compound of general formula
(II1).

In the reaction, the compound of general frormula
(I1I) is used preferably in an emount of 1 mole nr slightly
nore than 1 mole per mole of the compound »f general
forrmla (II). The reaction is performed usually in a
snlvent system consisting substantially of an aprotic
inert orgaric solvert. In cther words, the presence of
a substantial amournt »f water or a protonic snlvent such
as alcohnls in the reaction systen is undesireble because
it induces bydrolysis of the compound = f genersl formulea
(I1I). Exanples ~f preferred aprotic inert organic sol-
vents are dimethyl formamide, dinethyl sul foxide, acetone,
‘ethyl acetate and miwtures therenf. Desirably, the re-
action is performed in the presence »f a base. If, how-
ever, a salt at the carboxyl grcup of the compound of
general formula (II) is used, the reaction proceeds favor-
2bly in the absence of a base. Preferred bases to be
present in the reactinn system or used for formation of
the salt include trialkylamines such as triethylamine,
and netal hydrogen carb-nates such as potassiun hydrogén
carbonate and sndiun hydrogen cerbonate. The reaction
temperature is usually not zmore than 50“0.

The above reacticn of the comprunéd »f foroula
(II) 'r its salt with the c-mpound f general formule
(I1I) usually gives a comprund ~f the general frrmuls
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D ceens (IV)
o

0O--0=0CR)
RZO\/O
0

wherein Rl and R2 are as defined above and A'

represents a protected amino group, a group

convertible t» an amino group, or an amino group.
When the compound of general formula (II) is in the form
of a solt with 2 mineral acid, and the amount of the base
present in the reaction system is in mnlar excess, the
resulting compound nay sometimes be a compound of general
forrmla (IV) in which A' is a free amin> group.

When the resulting.product (IV) has the pro-=
tected aminc group »r the group convertible to an amino
group, the protected aninn group is deprotected, or the
convertible group is converted t» an aninn group.

The reection conditions in such a step are well
known in the field »f synthetic penicillins. ZFYor example,
when the protective amine group is in the form of a Schiff
base such as a substituted or unsubstituted benzylidene-
anince groups the resulting reaction mixture containing
the compound (IV) is adjusted to a pH of 1-4 in a mixed
solvent of water and a water-miscible solvent such as
acetonitrile, zcetone and dioxzne in the presence of an
acid such as mineral acids and acetic acid. As a result,
the protected amino group is easily hydrolyzed to an
amino group at room temperature or at a lower temperature.

When the prntected amino group is in the forn
of an enamine group, the reaction mixture is dissolved
in a water-snluble solvent, the solution is adjusted
with an acid to a pH of 1.5-2.5, and stirred at room
tenperature or gt a lower temperature for several minutes
to about an hour. As a result, the protected amino
group can be depr~tected.

When the group A' is a benzyloxycarbonyl-
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protected amino group, or an azid» group, the reaction
product is treated in hydrogen gas in the presence of a
hydrogenolysis catalyst such as palladium.

Thus, the Ampicillin ester of general formula
(I) or its acid addition salt is formed. The acid addition
salt is prepared by reacting the Ampicillin ester (having
a free aminn group) of general formula (I) with an acid,
for example:.an inorganic acid such as hydrochloric acid,
hydrobromic acid, hydriodic acid and sulfuric acid or
an nrganic acid such as citric acid or tartaric acid.

According to preferred embndiments of the
process of the invention, there are provided a process
for producing the Ampicillin ester of general formla
(I) or its 2cid addition salt, which comprises reacting
a compound of general forrmula (IT) in which A is a Schiff
base group or an enanine group with the compound of general
formula (IIT), ard c-nverting the Schiff base group or
the enamine group of the product to an amino group, and
thereafter if required, converting the product tn its acid
addition salt; and a prncess for producing a minerzl acid
salt (e.g., hydrochloride) of the Ampicillin ester of
general forrmula (I) which comprises reacting a compound
of general formula (II) in which A is an amino group in
the form of a mineral acid such as a hydrochloride, with
the compnund of general formula (III).

According to another process provided by the
invention, the Ampicillin ester of general formula (I)
or its acid addition salt can be produced by reacting
a conpound of general formula

H N i\éfﬂa
j——i¥ 3
O / —_ seossse (V)
O0CH-C=C-Fy
R2 O\/O
0

wherein R1 and R2 are as defined above,.
or its acid additi-n salt, with & carbaxylic acid nf
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the generzl formula

/_\/ CHCOCH - ceees (VI)
A

wherein A is as defined above;
or its reactive derivative at the carboxyl group; there-
after, if required, when the resulting compound has the
protected amino group or the group convertible to an
amino group, eliminating the protective group fron the
protected amino group, or converting said convertible
group tn an amins group, and if further required. convert-
ing the product to an acid addition salt thereof.

The precursor of general formula (V) and its
acid addition salt are novel compounds and form part of the
present invention.

I general formula (V), R, and R, are the sanme
as defined above.

Exanples of the compound of general formula (V)
are

(2-0x%0-1, 3-dioxolen-4-31 Jmethyl 6-aninopenicil-

lanate,

(5-nethyl- 2-oxo—1,)—dloxolen-4—y1)netth 6-amino-

penicillanate,

(2-0x0-5-phenyl-1, 3-dioxol en-4-y1 Jnethyl 6-anino-

penicillanate, )

(2, 3-carbonyl dioxy-2-cyclohexen-1-y1) 6-anino-

penicillanate,

(2, 3~carbonyldioxy-2-cyclohexen-1-yl) 6-am1no—

penicillanate,

and

ecid addition salts of these esters.

The compound of general formula (V) can be
produced by reacting 6-aminopenicillanic acid or its salt
at the carboxyl group with the ccmpound of general formula
(III); or by reacting 6-protected aminopenicillanic acid
or its salt at the carboxyl group with the cormpound of



10

15

20

25

30

35

- 15 -
general formula (III) and then converting the protectad
anine group of the reaction product to an amino group.

The former can be performed preferably by react-
ing 6-aminopenicillanic acid or its salt at the carboxyl
group with an equimolar emount, or a molar excess;, of the
compound of general formula (III) in an inert organic
solvent such as tetrsghydrofuran, dioxane or acetone in
the optional presence of a base (when 6-aminopenicillanic
acid is used, the presence of a base is preferred) at a
temperature of from agbout 0°C to room temperature.

The latter can be performed preferably by react-
ing 6-protected aminopenicillanic acid such as 6-amino-
penicillanic acid having the amino group at the 6-position
protected with an acyl group or trityl group, or 6-aminn-
penicillanic acid having the amino group at the 6-positinn
protected as a Schiff base, or its salt at the carboxyl
group, for example 6-phenylacetylaminopenicillanic acid
(benzylpenicillin), with the compound of general formule
(I1I) under the same conditions as in the first-mentioned
process, thereafter reacting the resulting 6-protected
aminopenicillanic acid ester with phosphorus pentachloride
and a lower alcohnl such as methanosl at the temperature of
dry ice-acetone in the presence of a basic compound such as
N-methylmorpholin, quinoline and triethylamine, and there-
after causing water to act on the resulting iminn ether tec
hydrolyze it.

According to the process of this invention, the
compound of general formla (V) or its acid additinn salt
is first reacted with the carboxylic acid nf general
formula (VI) or its reactive derivative.

The acid addition salt of the compound »f general
formula (V) may be a mineral acid salt or an organic acid
salt, for example such a nineral acid salt as a hydro-
chloride or hydrobromide, or a such an organic acid salt
as a para-toluenesul fonate.

Acid halides, acid anhydrides and mixed acid
anhydrides are preferably used as the reactive derivative
of the carboxylic acid of general formila (VI).
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The reacticn of the conmpound of general formula
(V) or its acid addition salt with the carboxylic acid
of general formula (VI) is carried out in the presence of
a dehydrocondensing agent such as dicyclohexyl carbodiimide
(DCC) or a mixture of DCC and l-hydroxybenzotriaznle,
preferably in a solvent consisting substantially of an
aprotic inert orgenic solvent such as dimethyl formamide,
dimethyl sulfoxide, methylene chloride, dionxane and tetra-
hydrofuran at a temperature of not more than 50°C.

The reaction of the compound of general formula
(V) or its acid =ddition s2lt with the reactive derivative
of the carboxylic acid of general formula (VI) is carried
out preferably in a solvent consisting substantially of
an aprotic inert organic solvent such as dimethyl form-
anide, dimethyl sulfoxide, methylene chloride, dioxane,
tetrahydrofuran and acetone at a temperature of not more
than 5000. When an acid addition salt of the compound
expressed by general formula (V) is used, the reaction
is preferably carried out in the presence of a base such
as triethylamine.

The reactive derivative of the carboxylic acid
of general formula (VI) used in the above reaction is
preferably an acid halide such as an acid chl>ride when
the group A in general formula (VI) is a protected aminn
grcup in the fornm of a szlt with a mineral acid. The
acid halide of the compound of general forrmla (VI) having
such a group A can be conveniently produced by treating
the comprund of general formula (VI) having such a group
A with a halogenating agent such as thionyl chloride,
phosgene or phosphorus pentachloride because such group
A is stable to acids.

The reactive derivative of the compound of
general formula (VI) in which the group A is a protected
anino group in the f~rm of a Schiff base »r an enanmine
group is preferably an acid anhydride nr mixed acid an-
hydride. This reactive derivative can be produced con-
veniently by treeting a salt, such as a trialkylamine salt,
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of the carboxylic acid of general formula (VI) in which
the group A is such a protected anino grouo, with, for
exarple, an alkyl haloformate such as ethyl chlorofornate
and isobutyl chlorcformate.

The reaction between the compound of general
formula (V) or its acid addition salt and the carboxylic
acid of general formula (VI) or its reactive derivative
gives the compound of general formula (IV)., When the
compound of formula (IV) has a protected amino group or
a group convertible to an amino group, the protecting
grocup is removed from the protected amino group, or the
convertible group is converted to an amino group and
if desired, the prnduct is converted to its acid addition
s2lt. Thus, the Anpicillin ester of general formula (I)
nr its acid addition salt is fcrmed.

According to preferred embodinents of the
ab>ve process, there are prnvided a process for producing
the Anmpicillin ester of general formulae (I) or its acid
additisn s2lt which comprises reacting a compound of
general formula (VI) in which A is a Schiff base group
or an enagnine group with the compound of general formila
(V), thereafter converting the Schiff base group or the
engnine group (A) ~f the resulting compound te an anino
group and if required, converting the product into its
acid addition salt; and a process for producing an acid
addition salt, such as a hydrochloride, of the Appicillin
ester of general formula (I) which comprises reacting
a compound of general formula (VI) in which A is in the
forn of an acid addition salt such as a hydrochloride
with the compound -f general formula (V).

After the reaction, the Anpicillin of general
formula (I) or its acid addition salt can be isnlated
and purified in a custonary nanner.

The Anpicillin ester of general formula (I) or
its pharnaceutically acceptcble acid addition salt is
cmverted back to Ampicillin in vivo when adnministered
t> an eniral. Accordingly, this inventi-n a2ls> provides
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an antibacterial agent comprising the Ampicillin ester ~of
general formula (I) or its pharmaceutically acceptable
acid addition salt as an active ingredient.

The antibacterial agent of this invention nay
consist only of the Ampicillin ester of general formule
(I) or its pharmaceutically acceptable acid addition salt,
or a mixture of it with a pharmaceutically acceptable
carrier.

The pharnaceutically acceptable carrier nay be
those carriers which can be used in formulating Ampicillin,
Examples are starch, lactose, hydroxypropyl. cellulose,
crystalline cellulcses magnesiun stearate, and calciun
stearate.

The entibacterial agent of the invention is
administered orally, for example. It nay be in a unit
dosage forn for nral administration, such as tablet
(sugar-coated tablets), capsules, granules and powder.

The antibacterial agent of this invention is
adninistered tc nan and other animals in a dose of 1 to
50 mg/kg brdy weight.day calculated as the Ampicillin ester
(I) or its pharnaceutically acceptable salt.

The following Exemples illustrate the present
invention nore specifically.

Exanple 1
(1) Procduction of 4-bromonethyl-5-phenyl-~l,3-dinxnlen~
2-one:-

In 150 M1 ~f carb n tetrachloaride was dissonlved
2.4 g of 4-nethyl-5-phenyl-1,3-dioxnlen-2-one {synthesized
by the nethod described in Liebichs Annalen der Chenie,
Vol. 764, pages 116-124, 1972). N-bromosuccinimide (2.9 g)
and a cetalytic amount of a,2'-azobisisobutyronitrile
were added to the solution, and the mixture was heated
under reflux for 90 minutes. The rezction mixture was
concentrated t- ~ne¢ half »nf its wolune, «nd the ins»luble
naterial wrs separated by filtration. The filtrzte was
concentrated, and the residue was recrystallized fren
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a nixture of benzene and cyclohexene to give 2.3 g (yield

66%) of colnrless needles having a melting point of 90.5

to 91.5°C. This product had the following properties.
EFl emental analysis, mnlecular formula ClOH7Br03:

Calculated (%): C, 47.09; H, 2.77; Br, 31.33

Found (%): C, 47.22; H, 2.64; Br, 31 29

IR (KBr): 1830, 1820 cm+ (M _ )
NMR (00143 J (ppm)):

4,35 (-CH BT s)s 7.40 (benzene ring, s).

Fron these data, the product was identified as
the title compound. .

(2) Production of Ampicillin (2-oxo-5-phenyl-1, 3-diox>len-
4-y1)nethyl ester hydrochloride:-

Ampicillin trihydrate (500 mg) was dispersed in
6 ml of dimethyl formamide, and 125 ng of potassium hydrogen
carbonate was added. The mixture was cooleld tn 0°C and
stirred. Benzaldehyde (0.25 ml) was added, and the mixture
was stirred at 0°C fcr 2.5 hours. Then, 125 ng of potas-
siun hydragen carbonate and 320 ng of 4-bronrmethyl-5-
phenyl-1, 3-dioxnlen-2-one were added, and the nixture was
further stirred at 0°C for 3 hours.

After the reaction, the reaction nixture weas
poured intc ice water and extracted with ethyl acetate.

The extract was washed three times with ice water. The
ethyl acetate lgyer was concentrated under reduced pressure
to forn a syrup. The syrup was dissolved in 4 ml of acetc-
nitrile, and the pH of the solution was adjusted to 2.0
with dilute hydrochloric acid. The soluticn was then
stirred 2t 0°C f£>r 30 minutes.

Water (10 ml) was added, and the mixture was
concentrated under reduced pressure to distill off aceto-
nitrile. The aquedus lzgyer was repeatedly washed with
ethyl acetate, and saturated with scdium chinride. The
separated nily substance was extracted with 50 ml »f
nethylene chlrride, washed with a saturated aqueous solution
af sndiun chl-ride =2nd dried nver anhydrous scdiun sulfate.
The dried organic layer was concentrated until the am~unt
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of nethylene chloride decreased to one half. Isopropyl
alcohol (30 ml) was mdded, and the mixture was again
concentrated under reduced pressure to precipitate a
colorless solid. The so0lid was collected by filtration,
and washed successively with isopropyl alcohol and ether
to give 320 mg (yield 46.4%) of Ampicillin (2-oxo-5-
pheny141,5—dioxolen~4—y1)methyl ester hydrochloride as
a colorless amd>rphous solid.

Melting point: 140°C (decomp.)

Elemental analysissmolecular formula

026H25N307S-H01-2H20:
Calculated (%): C, 52.39; H, 5.07; N, 7.05;
S, 5.38
Found (%): C, 52.17; H, 4.83; N, 7.31;
S, 5.64

TR (KBr): 1820 cot (cyclic carbonate), 1740 cm~t
(ester), 1780 cm* (B-lactam), 1690 cm ™t
(anide)
NMR (deuterndimethyl sulfoxide, §(ppm)):
1.3%2 and 1.45 (6H, methyl at the 2-position, s),
4,44 (1H, proton at the 3-position, s), 5.12
(1H, benzyl proton, s), 5.31 (&H, —qggfgi?-CéHB,
IOI
s), 5.4-5.6 (2H, protons at the 5- and 6-
positions, m), 7.3-7.6 (10H, protons on the
D

benzene ring, m), &8(§L—M%sm% 9.3 (1H,
-CONH-, 4d).

The resulting Ampicillin ester hydrochleride
was incubated in 40% mouse blood in pH 7.4 phosphate
buffer at 37°C for 10 minutes, and then subjected to
bioantography. It was found to be completely converted
to Ampicillin,

Exomple 2

(1) Production of 4-bromomethyl-5-methyl-1,3-dioxnlen-
2-one- ’
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In 150 ml of carbon tetrachloride was dissolved
3,42 g of 4,5-dimethyl-1,3-dioxolen-2-one (synthesized by
the method described in Tetrszhedron Letters, 1972, pages
1701-1704). N-bromosuccinimide (5.34 g) and a catalytic
anount of asa'-azobisisobutyronitrile were added to the
solution, and the mixture was heated under refluc for
15 nminutes. The reaction mixture was concentrated to one
half of its volume, and the insoluble material was remnved
by filtration. The filtrate was concentrated, and the
syrury residue was distilled under reduced pressure to give
4,2 g (yield 7%h) of a colorless liquid having a boiling
point of 115-120°C/5 mm. The product had the following
properties. )
Elenental analysis, molecular formula CSHSBrOE:
- Calculated (%): C, 31.12; H, 2.61; Br, 41.40
Found (%): C, 31.30; H, 2.49; Br, 41.31
IR (neat): near 1835 et (LE= )

0
NMR (CClqﬁ S (ppm) ):

2.10 (—CHB, s), 4.10 (-CH,Br, s).

From these data, the product was identified as
the title compound.
(2) Production of Ampicillin (5-methyl-2-oxo-1,3-dinxolen~

4-y1)nethyl ester hydrochloride:-

Ampicillin trihydrate (500 mg) was dispersed in
6 ml of dimethyl fornanide, and 125 ng of potassium bi--
carbonate was added. The mixture was cooled to 0°C, and
0.25 ml . of benzaldehyde was added. The mixture was
stirred at 0°C for 2.5 hours. Then, 125 mg of potassiunm
bicarbonate and 250 mg of 4-bromonethyl-5-nethyl-1, 3-
dioxnlen-2-one were added, and the mixture was stirred at
0°C for 3 hours. After the reaction, the reacfion nixture
was poured into ice water. The precipitated s0lid wes
extracted with 30 1l of ethyl acetate. The »rganic layer
was washed with 20 nl ~f water three times, and dried over
enhydrous nagnesiun sulfete. The ethyl acetate was distil-
led off under reduced pressure to give a yellow syrup.
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The resulting syrupy residue was dissolved in 4 ml
of acetonitrile and the solution was adjusted t» pH 2.0
with dilute hydrochloric acid. The solution was then
stirred at 0°C for 30 minutes. Water (10 ml) was added,
and the acetonitrile was distilled off under reduced pres-
sure. The aqueous layer was washed repeatedly with ethyl
acetate, and then saturated with sodiun chloride. The
separated 0ily substance was extracted with 50 ml of
methylene chloride,; and washed with a saturated aqueous
solution of sodium chloride. The methylene chloride layer
was dried over anhydrous sodium sulfate, filtered and con-
centrated under reduced pressure to cne half of its volune.
To the solution isopropyl alcohol (30 ml) was added, and
the nixture was again concentrated under reduced pressure
to give a colorless anorphnus solid.

The solid was collected by filtration and washed
with isopropyl alcohol and ether tn give 312 ng (yield
50.6%) of Ampicillin (5-methyl-2-oxo0-1,3%-dinxolen-4-yl)-
nethyl ester hydrochleride as a colorless amnrphous solid.
The product had the fellowing properties.

Appearance: Cnlorless amorphous sclid
Melting point: 145°C (decomp.)
Elenental analysis, molecular formila
C, H, N O-S-HC1-H,O:

21723377 2
Calculated (%): C, 48.88; H, 5.08; N, 8.14; S, 6.21
Found (%): C, 4’8.51; H, 5.15; N’ 8.02i IS: 6,44

IR (EBRR): 1830 cmt (cyclic carbonate), 1780 em™t (B-
lactam), 1740 en ! (ester), 1680 co b (amide).
MR (deuterodimethylsul foxide, § (ppm)):
1.3% and 1.48 (6H, nethyl at the 2-position, s),
2.19 (3H, CH —9=?—, s), 4.4%3 (1H, proton at the

—2
00
\N/
n
0
3-positinmn, s), 5.11 (2H, —CH2—959-CH39 s)s
T Q0
\/

"

0
5.16 (1H, benzyl pr tcn, s), 5.43-5.65 (2H,

*
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protons at the 5- and 6-positions, m), 7.3%-7.6
(5H, protons on the benzene ring, m). 8.95

(3H, '-%{3’ n), 9.4 (1H, COMH-, 4).

The resulting Ampicillin ester hydrochloride
was incubated in 40% mouse blood in pH 7.4 phnsphate
buffer at 5700 for 10 minutes; and then subjected to bio-
autography. It was found to be completely converted to
Ampicillin.

Example 3
(1) Production of 3-bromo-1,2-carbonyldioxycyclohexene:-

In 80 ml »f carbon tetrachloride was dissolved
2.15 g of 1,2-carbonyldinxycyclohexene (synthesized by
the method described in Tetrshedron Letters, 1972, pages
1701-1704). N-bromosuccininide (2.3 g) and a catalytic
anount of a,a'-azobisisobutyronitrile were added to
the solution, and the nmixture was heatéd under reflux for
20 minutes. The reaction mixture was cocled,; and fil-
tered. The filtrate wes concentrated at a low temperature
to give 3.2 g of a pale brown liquid as a residue. The
product showed the following properties.

IR (neat): near 1825 cn =+ (Qc=o)
MR (CD013, 3 (ppm) ) :

5.0 (=C-CH-Br, n), 1.%-3.0 (cyclic proton, m).
(2) Production of Ampicillin (2, 3-carbonyldioxy-2-cyclo-

hexenyl)ester hydrochloride:-

By the sane nmethod as shown in Exemple 1, (2),
256 ng of Anpicillin (2, 3-carbonyldinxy-2-cyclohexenyl)
ester hydrochloride was obtained as a colarless anorphous
solid from 2 g of Ampicillin trihydrate and 1 g of 3~
brono-1,2-carbonyldioxycyclohexene (yield 10.2%).

Appearance: colorless anorphous solid
Melting point: 1407°C (decomp.)
IR (KBr): 1820 et (cyclic carbonate), 1780 en~!
(B-1lactam), 1750 cm L (ester), 1690 co
(amide).
The resulting Ampicillin ester hydrochloride
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was incubated in 40% mouse blood in pH 7.4 phosphate
buffer =2t 37°C for 10 minutes, and then subjected to bio-
autography. It was found to be completely converted to
Ampicillin.,
Exanple 4
(1) Production of 4-bromomethyl-1,3-dioxol en-2-one:-

In 200 ml of carbon tetrachloride was dissolved
8.6 g of 4-methyl-1,3-dioxolen-2-one (synthesized by the
method described in U. 8. Patent No. 3,020,290). N-bromo-
succinimide (17.8 g) and a catalytic amount of g a'-azo-
bisisobutyronitrile were added to the solution, and the
mixture was heated under reflux for 90 minutes. The
reaction mixture was worked up in the same way as in
Exanple 2 to give 5.2 g (yield 33.6%) of a colnrless liquid
having a boiling point of 94°C/% . The product had
the following properties.

El enental anelysis, molecular formula C,H_BrQ.:

473 3
Calculated (%): C, 26.84; H, 1.69; Br, 44.65
Frund (%): C, 26.94; H, 1.66; Br, 44.60

IR (neat): near 1830 cm * ,_,)
MR (CCL,, & (ppn)):

4.10 (—CH2Br, s)s, 7.00 (=CH-0-, s).

From these data, the product was identified as
the title compound.
(2) Productinn of Ampicillin (2-ox0-1;3-dixolen-4—yl)-

methyl ester hydrochloride:-

Ampicillin trihydrate (2 g) was dispersed in
24 ml of dimethyl formamide, and 500 mg nf portassiun
hydrcgen carbonate was added. The mixture was cnoled to
0°C, 2nd 1 ml cf benzaldehyde was added. The mixture was
stirred at O to 5°C for 3 hrurs. To the mixture were
added 500 ng of potassium hydrogen carbonate and 1 g of
4-brononethyl -1, 3-dioxol en-2-one, and the mixture was
stirred at 0 to 5°C for 6 hours.
, After the reactinn, the reaction nmixture was
poured intn ice water, and extracted with ethyl acetate.
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The extract was washed with ice water, and the ethyl
acetate layer was concentrated under reduced pressure to
renove ethyl acetate. The resulting syrup was dissolved
in 10 ml of acetonitrile. The solution was adjusted to
pH 2.0 with dilute hydrochloric acid, and stirred at
0°C for 20 minutes.

Water (20 ml) wes added, and the mixture was
concentrated under reduced pressure to remove acetonitrile.
The aqueous layer was repeatedly washed with ethyl acetate,
and saturated with sndiunm chloride to precipitate an orange
gun-like substance. The aqueous layer was remnved by
decantation. The gum-like substance was dissnlved in
methannl, decolorized with activated carbon, cooled to
0°C, and poured into vigorously stirred ether to precipitate
a pale orange solid. The s71id was collected by filt-
ration, and washed with 2z nixture of ether and methanol
to give 600 ng (yield 26%) nf Anmpicillin (2-oxo-1,3-
dioxolen-4-yl)methyl ester hydrochloride as a pale nrange
anorphous solid.

Melting point: 130°C (decomp.)

IR (KBr): 1835 cm t (cyclic carbonate), 1790 cm t
(B-lactan), 1750 cm* (ester), 1690 co™*
(amide)

MR (deuteriun oxide, & (ppm)):

1.% (6H, methyl at the 2-position, s), 4.58

(1H, proton at the 3-position, s), 5.11 (2H,

-Q§279=?H, s), 5.23% (1H, benzyl proton, s),

QP
T
0

5.49 (1H, proton at the 5-position, 4, J=2.0 Hz),

5.58 (1H, proton at the 6-position, 4, J=2.0 Hz),
7.5 (6H, —?=?H and benzene proton, m), 8.9

QVQ

8
(3H’ —N-Has D)3 9.3 (1H, CONHa d)-

The resulting Ampicillin ester hydrochloride
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was incubated in 40% mouse blnod in pH 7.4 phosphate
buffer at 37°C for 10 minutes, and then subjected t» bio-
sutography. It was found to be completely converted to
Anpicillin.
Examml e
(1) Production of Benzylpenicillin (5-methyl-2-o0x0-1,3-
dioxol en-4-y1)nethyl ester:
Ten granms of benzylpenicillin potassium salt
was dispersed in 50 ml of dinethyl formamide, and with
ice cooling, 520 mg of potassium hydrogen carbonate
and 5.2 g of 5-bromomethyl-5-methyl-1,3-dixol en-2-one were
added, then the mixture was stirred at 0°C for 4 hours.
The reaction mixture was poured into ice water, and the
precipitated solid was collected by filtration. It was
dissolved in ethyl acetate, washed with a dilute aqueous
solution of sodium hydrogen carbonate and ther repeatedly
with ice water. The ethyl acetate layer was then dried
over anhydrous magnesiun sulfate, and the solvent was
distilled off under reduced pressure. There was 2btained
12.5 g (yield 94%) of benzylpenicillin (5-methyl-2-oxo-
1, 3-dioxol en-4~yl)nethyl ester.
IR (KBr): 1825 cm (cyclic carbonate), 1785 cnm”
(B-1lactan), 1750 ent {ester), 1670 cm~
(amide)
NMR (deuterochloroform, §(ppm)):
1.%7 and 1.42 (6H, methyl at the 2-position, s),
2.13 (3H, -C=C-CH,, s)s 3.72 (2H, ~CH,-CgHs, s)
va
"
0
4.29 (1H, proton at the 3-position, s), 4.80
(eH, -CH —?=?—, s)s 5.36 (1H, proton at the
00

1
1

2

11

0
6-pnsition, s), 5.59 (1H, proton at the 5-
positisn, 4), 6.16 (1H, NH, 4), ?7.14 (5H,
protons on’the benzene ring, s).
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(2) Production of (5-nethyl-2-0xn-1,3-diox»len-4-yl)-
methyl 6-aminopenicillanate hydrochloride:

Phosphorus pentachloride (5.9 g) was dissolved
in dry methylene chloride (30 ml), and 6.3 ml of gquinoline
was added. The solution was cooledito -30°C with dry ice-
acetone. With vigorous stirring, 11 g of the above benzyl-
penicillin (2-0x0-5-methyl-1,3-dioxol en-4-yl)nethyl ester
dissolved in dry methylene chloride (10 ml) was added
dropwise, and the mixture was stirred at this temperature
for 35 minutes. Propyl alcohol (20 ml) was added drop-
wise over 5 minutes, and the mixture was stirred for %0
minutes. With vigerous stirring, 20 nml of a saturated
solution of sodium chloride was added dropwise and the
nixture was stirred for about an hour. Then, the methylene
chloride layer was separated, washed with saturated
sodiun chloride sclution, dried over anhydrous sodium
sulfate and evaporated to dryness to afford a2 gun. The
gun was washed with n-hexane to give 6.6 g (yield 72%)
2f (5-methyl-2-ox0-1,3-dioxnlen-4-yl)nethyl 6-amino-
penicillanate hydrochloride as a pale yellow amorphous
substance.

(3) Production of D-(-)-phenylglycyl chloride hydrochloride:

Separately, 10 g of D-(-)-phenylglycine was
added to 250 ml of nethylene chloride. The mixture was
cooled to 0°C, and by passing hydrogen chloride gas, the
hydrochloride of the phenylglycine was formed. PFPhosphorus
prentachloride (20 g) was added, and the mixture was stirred
at 0 t~ 57C for 4 hours. The solid precipitated was
collected by filtraticn, and repeatedly washed with
methylene chloride to give 13.1 g (yield 90%) of D-(-)-
phenylglycyl chloride hydrochloride as a colnrless
anorphous solid.

(4) Production of Ampicillin (5~methyl-2-9%0-1,3-dinxnl en-
4-y1)methyl ester hydr~chloride:

Two-hundred milligrans of the 6-aminopenicillanic
acid ester hydrochlrride obtained as abnve was dispersed
in 10 ml »f methylene chloride, and 50 mg ~f portassiun
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hydrogen carbonate was added. The mixture was stirred
at 0"C for 15 minutes. Then, 110 mg of the acid chloride
obtained as above was added, and the mixture was stirred
for 2 hours and then for another 2 hours at room tempera-
ture.

After the reactinn, the s71lid was separated by
filtration, and the filtrate was concentrated under re-
duced pressure. The resulting syrup was dissolved in
water, and washed with ethyl acetate. The aqueous layer
was saturated with sodium chloride, and the separated
0ily substance was extracted with methylene chlnride. The
extract was washed with a saturated aqueous solution of
sodiun chloride and concentrated un%il the amount of
nethyl ene chloride decreased to half. Upon addition of
isopropyl alcohol, a colorless sclid was precipitated.
The s01id wes cnllected by filtration and washed with
isopropyl alcohol and ether to give 132 mg (yield 54%)
nf Ampicillin (5-methyl-2-ox0-1,3-dinxolen-4-yl )methyl
ester hydrochloride as an anmorphous solid.

The melting point and spectroscopic data of
this product were identical with those of the product
obtained in Example 2 (2).

Exanple 6 '
Production of Ampicillin (2-o0xo-5-phenyl-1,3-dioxcl en-4—
v1)methyl ester hydrochloride:

By the same methnd as shown in Example 5, (2-oxn-
S5-phenyl-1,3-dioxol en-4—yl)nethyl 6-aminopenicillanate
hydrochloride was nbtained in a yield of 74% from 4-
bromonethyl-5-phenyl-1, 3-dioxolen-2-one and benzylpenicillin
potassiun salt. ’

From 200 ng of the resulting ester hydrochloride
2nd 95 mg ~f D-(-)-phenylglycyl chloride hydrochloride,
148 ng (yield 56%) of Ampicillin (2-2xn-5-phenyl-1,3-
diox»len-4-yl)nethyl ester hydrochloride was »btained as
2 colorless an~rphrus snlid.

The melting point and spectroscopic date of
this prnduct were identical with th-se of the product
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obtained in Example 1 (2).
Exarple 7
(1) Production of (5-methyl-2-oxn-1,3-dioxolen-4-yl)-
methyl 6-aninnpenicillanate p-toluenesul fonate:-
In 100 m1 of dimethyl formamide was dissolved
1% g of 6B-tritylaninopenicillanic acid synthesized by
the method described in J. Am. Chem. Soc. 84, 2983 (1963).

~The solution was cooled to O t» 5°C, and % g of potassium

hydrogen carbonate and 6 g of 4-bromnmethyl-5-methyl-1, 3~
dioxol en-2-one were added. The mixture was stirred at
the above temperature for 3 hours. After the reaction,
the reaction mixture was poured into ice water. The
precipitated yellow so0lid was extracted with 300 ml of
ethyl acetate. The ethyl acetate layer was washed several
tines with a saturated aaueous solution of sodium chlnride,
dried over anhydrous magnesium sulfate and concentrated
under reduced pressure to give a yellow syrup. The syrup
was dissolved in 80 ml of ethyl acetate, and with ice
cooling, 5.2 g »f p-tnluenesulfonic acid was added. The
nmixture was stirred under ice cocling for 1 hour, where-
upon a colorless s71id precipitated. The solid was
collected by filtration and well washed with ethyl acetate
to give 8.3% g (yield 60%) of the title compound.
IR (KBr): 1820 cu + (cyclic carbonate), 1780 en™t
(B-lactam), 1760 co ! (ester)
NMR (deuterodinethylsul foxide, § (ppm)):
1.40 and 1.59 (6H, methyl at the 2-position, s),
2.12 (zH, -?=?-CH5, s), 4.46 (1H, proton at
00

NS
n

0
the 3-position, s), 4.90-5.10 (=H, proton et
the 6-position and -CH,-C=C-, m), 5.41 (1H,
GO

v
u

0
(proton at the 5-pasition, d), 2.24 (3H,

CH5{C:>FSO£9, s), 6.97 and 7.38 (4H, aromatic

i Y e
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2
protons nf CH3<<:3>803 , d).

(2) Production of Ampicillin (5-methyl-2-0x0-1, 3-dioxol en-
4-y1)methyl ester hydrochloride:-

Five grans of (5-methyl-2-o0x0-1,3-dioxol en-li-
y1)nethyl 6-amindpenicillanate p-toluenesul fonate was
suspended in 300 ml of ethyl acetate. To the suspension
was added at 0°C 200 ml of 2 2% aqueous solution of sndiun
hydrogen carbonate cocled with ice. The mixture was
vigorously stirred. The ethyl acetate layer was separated,
washed with ice water, dried at 0°C over anhydrous magnesiun
sul fate, and concentrated under reduced pressure to give
2 pale yellow syrup. The syrup was dissolved in 50 nl
2f nethylene chloride. The snluticn was cooled to OOC,
and 1 g »f pntassiun hydrogen carbonate end 2.1 g »f
D-(-)-phenylglycyl chloride hydrochirride were added, and
the mixture was stirred at 0°C for 4 hrurs. After the
reaction, the ins~luble material was separated by fil-
tration, and the filtrate was concentrated under reduced
pressure. The resulting syrup was dissnlved in water and
washed with ethyl acetate. The aqueous layer was satu-
rated with sodiun chloride. The separeted 0ily substance
was extracted with nethylene chloride, washed with a
saturated aqueous sclution of s>@iun chloride, and dried
over anhydrous s>diun sulfate. The dried product was
concentrated urnder reduced pressure until the am>unt
of methylene chl~ride decreased tn one half. Isnpropyl
alcohnl was =2dded, and the mixture was again concentrated
under reduced pressure t~ precipitate & col~rless solid.
The sc1id was c~llected by filtration, snd washed with
ether to give 2.6 g (yield 51%) of Anpicillin (5-methyl-
2-0x%>-1, 3-diox~l en-4-yl)nethyl ester hydrochloride as &
cnlorless anrryk us s2lid.

The melting print and spectroscopic data of this
procduct were icentical with those »f the prrduct obtained
in Example 2 (2). '
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Exarmple 8
Formulation of an antibacterial agent:-

(1) - Anpicillin (5-methyl-2-oxo-1,3-
dioxolen-4—yl)methyl ester

hydrochloride 356.7 ng
Lactose 28.3 ng
Magnesium stearate 5.0 mg

400 mg in tntal

The above ingredients were mixed and encapsulated
t~r form a capsule.

(2) Ampicillin (S5-methyl-2--xo-1,3%-
dinxol en-4-y1 )methyl ester

hydrochlnoride 356.7 ng
Lactose 6l13%.% mg
Hydroxypropyl cellulose %0.0 ng

1,000 ng in tntal

An ethanosl solution ~f the hydrH>xypropyl cellulnse
was prepared, and added to the Ampicillin ester hydro-
chloride and lact~se. They were kneaded, extruded through
a screen, and dried to form granules.

(3) Appicillin (5-methyl-2-oxn-1,3%-
dioxolen-4-yl)nethyl ester

hydrochloride 35¢€.7 mg
Crystalline cellulonse 100 ng
Lactose 28.3 ng
Hydroxypropyl cellulose 10 ng
Magnesiun stearate 5 ng

500 mg in total

The Ampicillin ester hydrochlorides crystalline
cellulose and lactnse were mixed,; and an ethanol snluticn
of hydroxypropyl cellulosé was added. They were kneaded
and dried. Ton the dried mixture was added magnesiun
stearate. They were mixed and tabulated tc form a tablet.
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WHAT WE CLATM IS:
1. An Ampicillin ester of the general formula
@cncom& CHy
j l o
W2 oF— N — COOCH-C-—C-Rl
122 O\ 0
O

wherein R._L represents a2 hydrongen atom, a methyl
grocup or an aryl grcup, and 32 represents a
hydrogen aton or may be taken together with R.L
to form 2 divalent carbon chain residue,

or its acid addition salt.

2. The compound of claim 1 wherein Rl is a2 methyl

group and R2 is a hydrogen atom.

3. The comp-rund 2f claim 1 wherein R‘_L and R2 are
hydrogen atons.

4, The compound of clain 1 wherein 1?1 is a phenyl
group and R2 is a hydrogen aton.

5. The comprund 2f claim 1 wherein Rl and RZ
together form the group -(-CH2-)-3 oT the group -(-CH2-9-5.

6. In zntibacterial agent comprising an Ampicillin

ester of the foHrmuls

@CHCONH O/l\::
COOCH- C==C-R,

R2 O\/O

1n

0
wherein R_L represents a hydrogen atom, a methyl
group or an aryl group, and R2 represents a
hydrogen ztom or nay be taken together with R‘.L
to ferm a divalent carbon chain residue,

or its pharmaceutically acceptable acid addition salt.

7 The antibacterial agent ~f clain 6 which is in
a unit é~sage form for oral administration.
8. A process for producing an Armpicillin ester

BAD ORIGINAL ’
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CHCONH s %3
L U @
0O0GH-0 = 0-8,
R2 C\M/Q
0
wherein R1 represents a hydrogen atom, a nethyl
group or an aryl group, and R2 represents a
hydrogen atom, or nay be taken together with R1
to form a divalent carbon chain residue,
cer its acid addition salt, which comprises (1) reacting a
compound of the general formula

//' \\-CHCONH s sz
=2 O;I_L_J(CH;_ (11)

wherein A& represents o protected eminn group, »r
a group convertible to an aminn group,
or its salt at the carboxyl group, with a compournd of the
general formula

LG =0R,
R2 O\}/D
0
wherein Rl and.R2 are as defined above, and X
represents a halogen aton,
(2) thereafter, if required, when the resulting compound
has th@ protected amino group or the group convertible to
an aminn group represented by A, deprotecting the protected
amino group, rr converting said convertible group intH
an amino group, end (3) if further required, converting
the product t» an acid addition salt.
9. The prncess of clain 8 wherein the comound of
general formula (II) is reacted with the compound of
general frrmle (III) in the presence ~f a2 basc.

o
BAD ORIGINAL ﬁ

k-““'“l'«--—.

(1I11) -
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10. The process of claim 8 or 9 wherein the reaction
in step (1) is carried out in a solvent system consisting
substantially of an aprotic inert organic solvent.

11. The process of any one of claims 8 to 10 wherein
the reaction in step (1) is carried nut at a tenmperature
of not mhre than about 50°C. '

12. The process of claim 8 wherein a compound of
general formla (II) in which A represents a Schiff base
group or an enamine group is reacted with the compsund

of general formula (III), thereafter the Schiff base group
nr enamine group »f the resulting product is converted

to an aminn group, and then if required, the product is
converted to an acid addition salt.

13, The process »f clain 8 wherein a compound of
general forrmula (II) in which A is an eminn group in the
forn of a hydrnchloride is reacted with the compound of
general formula (III) to form the hydrochloride cf the
compound of general forrula (I).

14, A process for producing an Ampicillin ester of
the general fornulsg

@CHCONB ;]—1/ \‘(CH B -

-20

wherein Rl represents a hydrogen atom, a methyl
group 2r an aryl group, and R2 represents a
hydrogen atom or nay be taken together with R1
to form a divalent carbon chzin residue,

or its acid addition salt, which comprises (1) reacting

a compound »f the general formule

HN ',s s -
2 [\ CH v
COOCH C=C-R

R2 0 ‘/D

0

[}
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wherein Rl and R2.are as defined above,
or its acid addition salt with a carboxylic acid of the
general formula

7 \\-CHCOOH (VI)
=/ i
A

wherein A is as defined above,
or its reactive derivative at the carboxyl group, (2)
thereafter, if reguired, when the resulting compound has
the protected aminn group or the group convertible to an
amino group represcnted by A, deprotecting the protected
amino group or converting sazid convertible group to an
anino group, and (3) if further required, converting the
product to an acid addition salt.
15. The process of cleim 14 wherein the reaction in
step (1) is carried sut in the presence of a dehydrocon-
densing agent.
16. The process of clain 14 or 15 wherein the re-
action of the compound of general formula (V) with the
carboxylic acid of general formula (VI) is carried out
in a snlvent system consisting substantially of an aprotic
inert organic solvent.
17. The process of any one »f claims 14 to 16 wherein
the reactiosn of the compound of generel formula (V) with
the carboxylic acid of genersl formula (VI) is carried
out at a temperature of not nmore than about 50°C.
18. The prncess of claim 14 wherein the reaction
of the comprund of general formula (V) with the reactive
derivative at the carboxyl group of the carboxylic acid
of formula (VI) is carried out in a snlvent system con-
sisting substantially ~f an aprotic inert organic s»nlvent.
19, The process of claim 14 or 18 wherein the
reaction ~f the compound of general formula (V) with the
reactive derivative at the carboxyl grup ~f the carbrxylic
acid of formula (VI) is carried out at 2 temperature of
not more than ab-ut SOOC.
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20. The process of claim 14, 18 or 19 wherein the
reactive derivative of said carboxylic acid (VI) at
the carboxyl group is an anhydride or a mixed anhydride
therenf.
2l. The process of claim 14 wherein a compohund of
general forrmla (VI) in which A is a Schiff base group or
an enamine group is reacted with the compound of general
formula (V), the Schiff base group or the enamine group
of the resulting crmpound is converted to an aminn group,
and thereafter, if required, the product is converted to
an acld addition salt.
22. The process of claim 14 wherein a compound of
general formula (VI) in which A is an amin»n group in the
form 2f a2 hydrochloride is reacted with the compound of
general formula (V) to form the hydrochloride »f the
compound of general formula (I).

23. A 6-zminnpenicillanic acid ester of the general
formula
CH
_—( “~CH (V)
07—k 3
OOCH-C ==C-
COO-0="05
R, 0 -0
e
,70—

wherein Rl represents a hydrogen atom, a methyl
group or an aryl group, and R2 Tepresents a
hydrogen atom or may be taken together with Rl
tn form 2z divalent carbon chain residue,

or its acid additicn salt.

6
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1 CLAIMS FOR AUSTRIA

1. A process for producing an Ampicillin ester of the ge-
neral formula

5
CHCONH 5. %3
fm, ) T . ®
C00GH-G— -1,
2 C\n/p
10 n

0]

wherein R1 represents a hydrogen atom, a methyl group
or an aryl group, and R, represents a hydrogen atom,or
15 may be taken together with R, to form a divalent carbon
chain residue,
or its acid addition salt, which comprises (1) reacting a
compound of the general formula

20 \/ \\-CHCONH ._

A 04—‘1( (1)

\COOH

wherein A represents a protected amino group, or a
25 group convertible to an amino group,

or its salt at the carboxyl group, with a compound of the
general formula

X--CH-C""C—R1
30 R2 O O

0

- (I11)

wherein R1 and R2 are as defined above, and X repre-
sents a halogen atom,

-35 (2) thereafter, if required, when the resulting compound
has the protected amino group or the group convertible to
an amino group represented by A, deprotecting the protect-

ed amino group, or converting said convertible group into
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an amino group, and (3) if further required, converting
the product to an acid addition salt.

2. The process of claim 1 wherein the compound of general
formula (II) is reacted with the compound of general form-
ula (III) in the presence of a base.

3. The process of claims 1 or 2 wherein the reaction in
step (1) is carried out in a solvent system consisting sub-
stantially of an aprotic inert organic solvent.

4. The process of any one of claims 1 to 3 wherein the re-
action in step (1) is carried out at a témperature of not
more than about 50°C.

5. The process of claim 1 wherein a compound of general
formula (II) in which A represents a Schiff base group or
an enamine group is reacted with the compound of general
formula (III), thereafter the Schiff base group or enamine
group of the resulting product is converted to an amino
group, and then if required, the product is converted to

an acid addition salt.

6. The process of claim 1 wherein a compound of general
formula (II) in which A is an amino group in the form of a
hydrochloride is reacted with the compound of general'form—
ula (IIX) to form the hydrochloride of the compound'of ge-
neral formula (I). 7

7. A process for producing an Ampicillin ester of the ge-

neral formula

e
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wherein R, represents a hydrogen atom, a methyl group
or an aryl group, and R, represents a hydrogen atom or
may be taken together with R, to form a divalent carbon
chain residue,

or its acid addition salt, which comprises (1) reacting a

compound of the general formula

0;]__“‘/_]/ CH (V)

Seogc—g

"2 050
0
wherein R1 and R2 are as defined above,'

or its acid addition salt with a carboxylic acid of the

general formula

\/ \}\-CHCOOH (VvI)
=/}

wherein A is as defined above,
or its reactive derivative at the carboxyl group, (2)
thereafter, if required, when the resulting compound has
the protected amino group or the group convertible to an
amino group represented by A, deprotecting the protected
amino group or converting said convertible group to an
amino group, and (3) if further required, converting the
product to an acid addition salt.

8. The process of claim 7 wherein the reaction in step (1)

is carried out in the presence of a dehydrocondensing agent.

9. The process of claim 7 or 8 wherein the reaction of the
compound of general formula (V) with the carboxylic acid of
general formula (VI) is carried out in a solvent system con-

sisting substantially of an aprotic inert organic solvent.

10. The process of any one of claims 7.to 9 wherein the re-
action of the compound of general formula (V) with the
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carboxylic acid of general formula (VI) is carried out at
a temperature of not more than about 50°C.

11. The process of claim 7 wherein the reaction of the com-
pound of general formula (V) with the reactive derivative
at the carboxyl group of the carboxylic acid of formula
(VI) is carried out in a solvent system consisting sub-

stantially of an aprotic inert organic solvent.

12. The process of claim 7 or 11 wherein the reaction of
the compound of general formula (V) with the reactive de-
rivative at the carboxyl group of the carboxylic acid of
formula (V1) is carried out at a temperature of not more
than about 50°cC.

13. The process of claims 7, 11 or 12 wherein the reactive
derivative of said carboxylic acid (VI) at the carboxyl

group is an-anhydride or a mixed anhydride thereof.

14. The process of claim 7 wherein a compound of general
formula (VI) in which A is a Schiff base group or an en-
amine group is reacted with the compound of general form-
ula (V), the Schiff base group or the enamine group of the
resulting compound is converted to an amino group, and
thereafter, if required, the prodﬁét is converted to an
acid addition salt.

15. The process of claim 7 wherein a compound of general
formula (VI) in which A is an amino group in the form of
a hydrochloride is reacted with the compound of general
formula (V) to form the hydrochloride of the compound of
general formula (I).

16. A process for producing a 6-aminopenicillanic acid

ester of the general formula

~
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0

wherein R, represents a hydrogen atom, a methyl group
or an aryl group, and R2 represents a hydrogen atom or
may be taken together with R, to form a divalent carbon
chain residue,
or its acid addition salt, which comprises reacting 6-
aminopenicillanic acid or its salt at the carbokyl group
with a compound of general formula

G- —on
2 Ok\/g

0o

(I11)

wherein-R1 and R2 are as defined in claim 1, and X re-
presents a halogen atom,
or by reacting 6-protected aminopenicillanic acid or its
salt at the carboxyl group with the compound of general
formula (III) as defined above and then converting the

protected amine group of the reaction product to an amino
group.
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